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ABSTRACT 

From 1973 through 1978, 11,196 male Tanner crab, Chionoecetes bairdi, 
were tagged and released off of Kodiak Island, Alaska. A to tal  of 1,961 
tags were returned; 1,412 with accurate recovery data. Males tagged in 
the inshore bay areas tended to  move into the open water offshore areas 
while those tagged offshore remained in the general area of tagging. 
Average movement for  a1 1 recoveries was 24 km (15 mi) indicating that  
movements were not extensive. From the generalized movement models, 
there appears to  be discrete stocks of crab in the Shelikof, Marmot- 
Chiniak, Eastside, and Southwest areas of Kodiak Island waters. 



Movement of Tagged Male Tanner Crab, Chionoecetes b a i r d i ,  Liberated 
o f f  Kodiak I s l and ,  Alaska 

INTRODUCTION 

The Tanner c rab ,  Chionoecetes b a i r d i  Kathbun, occurs from shallow nearshore 
areas  t o  depths of 473 m (259 fm) (Rathbun 1925). c. bairdi  ranges from 
Puget Sound, Washington (S l ipp  1952) t o  the  Aleutian Is lands and South- 
eas t e rn  Bering Sea where i t  i s  t he  t a r g e t  species  of a major f i s h e r y  (Anon. 
1979). 

Many fishermen hold t r a d i t i o n a l  b e l i e f s  concerning Tanner crab  migrat ions 
and c i t e  changes in  catch over time in  r e l a t i o n  t o  depth a s  evidence of 
onshore-offshore movement. P r io r  t o  t h i s  study t h e r e  had been no e f f o r t  
t o  look a t  movement pa t t e rns  of c. bairdi.  

Migration of the  Tanner c rab ,  c. op i l io ,  has been s tudied  in  At l an t i c  Ocean 
waters around the  ~ a s p 6  region of t h e  Gulf of Sa in t  Lawrence (Watson 1970; 
Watson and Wells 1972). Their  r e s u l t s  indica ted  t h a t  tagged males t r ave led  
r e l a t i v e l y  l i t t l e ,  with 85% of t h e  r e t u r n s  recaptured within 10 miles  of 
r e l ease .  Pereyra (1967) concluded t h a t  c. t anne r i  males, o f f  t he  coas t  of 
Oregon, showed a seasonal depth s h i f t  i n  r e l a t i v e  abundance whereas the  
female population was f a i r l y  s t a t i o n a r y  during a11 seasons,  suggesting 
movement f o r  reproductive purposes. Katoh e t  a l .  (1956) and Yoshida (1941) 
a l s o  observed bathymetric separa t ion  of the  sexes f o r  c. o p i l i o  in t h e  Sea 
of Japan. 

In recent  y e a r s ,  t h e  f i s h e r y  has developed exponential ly compared t o  t h e  
accumulated da ta  on c. bairdi  l i f e  h i s to ry .  While c. ba i rd i  has accounted 
f o r  about one qua r t e r  of t h e  recent  domestic c rab  harvest  by United S t a t e s  
fishermen (Donaldson 1980), t h e  f i s h e r i e s  continue t o  be managed by his-  
t o r i c a l  f i s h i n g  area .  In most a r e a s ,  data i s  i n s u f f i c i e n t  t o  def ine  
di s c r e t e  s tocks (Anon. 1979). 

Since migrations o r  displacement of aggregations of c. ba i rd i  i s  necessary 
information f o r  informed management dec i s ions ,  t h i s  study was i n i t i a t e d ,  
and conducted o f f  of Kodiak Is land,  Alaska between 1973 and 1979. 

METHODS 

Migration was s tudied  by t h e  r e l ease  and recapture  of tagged male crabs.  

Male Tanner crab  > 110 mm carapace width (CW) were tagged and re leased  
between July  1973and August 1975. Minimum tagging s i z e  was r a i sed  t o  
135 mm CW w i t h  t he  establ ishment  of a minimum s i z e  l i m i t  i n  1976. 

Capture was accomplished u t i l i z i n g  2.1 m x 2.1 m (7  f t  x 7 f t )  crab pots  
covered w i t h  89 mm (3.5 i n )  mesh. Tag number, da te ,  l oca t ion ,  and depth 



were recorded f o r  crabs tagged f rom 1973 through 1975. Exoske le ta l  age and 
carapace w i d t h  were recorded a d d i t i o n a l l y  beg inn ing  i n  1976. 

Tagging was accomplished us ing  a  combinat ion o f  F l o y  d i sc ,  FD 67 "T" ba r ,  
and a  m o d i f i e d  FD 67 "T" ba r  known as t h e  McBride tag.  The F loy  d i s c  i s  a  
temporary t a g  which i s  l o s t  d u r i n g  ecdys is .  The FD 67 "T" bar  and t h e  
m o d i f i e d  FD 67 "T" ba r  a r e  p r o t o t y p e  permanent tags.  F l o y  d i s c  tags  were 
used i n  a l l  years ,  except  1977. Bo th  FD 67 "T" bars  and F l o y  d i s c s  were 
used i n  1975. The m o d i f i e d  67 "T" ba r  was used e x c l u s i v e l y  i n  1977. 

Tagged crabs were recovered f rom t h e  f i s h i n g  i n d u s t r y .  Recovery da ta  c o l -  
l e c t e d  i nc l uded  t a g  number, l o c a t i o n  and depth o f  capture,  carapace w id th ,  
and exoske le ta l  age. Only recap tu res  w i t h  accura te  recovery  i n f o r m a t i o n  
a r e  used here. 

Crabs were captured, tagged, and re l eased  a t  va r i ous  bay and o f f s h o r e  l oca -  
t i o n s  dep i c ted  i n  F igure  1. 

The most s t r a i g h t f o r w a r d  method of  p r e s e n t i n g  m i g r a t i o n  data i s  p i c t o r i a l l y  
by p l o t t i n g  i n d i v i d u a l  r e l ease  and recovery  da ta  and i n d i c a t i n g  l e n g t h  o f  
freedom and d i r e c t i o n  o f  movement. I have chosen t o  p resen t  t h i s  i n f o r m a t i o n  
as an e s t i m a t i o n  o f  mean d i r e c t i o n  and v e l o c i t y  o f  d i s p e r s i o n  and thereby  
ass ign ing  a  degree of s t a t i s t i c a l  conf idence.  Because o f  t h e  volume o f  da ta  
generated and t he  l a r g e  number o f  combinat ions o f  data,  e.g., m i g r a t i o n s  by 
s i z e  groups, by area, a  s e r i e s  o f  computer programs (CRABWALK), were developed 
(Appendix A).  

D is tance o f  m i g r a t i o n ,  d i r e c t i o n ,  and depth change i n f o r m a t i o n  i s  presented 
by year  o f  r e l ease  and by bay and of fshore areas. I have c o l l a t e d  a l l  recov-  
e r y  da ta  by s p e c i f i c  geographica l  area f o r  t h e  d u r a t i o n  o f  t h e  s tudy  and 
d iscuss  m i g r a t i o n s  by s p e c i f i c  areas. Crabs were grouped by 30-day i n t e r -  
v a l s  a t  l i b e r t y .  The average movement by each 30-day i n t e r v a l  i s  presented. 
Changes i n  depth a re  represented by t h e  percen t  o f  crabs which were recovered 
deeper, sha l lower ,  o r  remained a t  t h e  same depth. D i r e c t i o n  o f  movement and 
recovery  l o c a t i o n  a re  dep i c ted  by an e l l i p s e ,  computer ca l cu la ted ,  t h a t  rep-  
r esen ts  a  95% conf idence i n t e r v a l  o f  d i r e c t i o n  and recovery  reg ion .  Informa- 
t i o n  on t h e  d i s t r i b u t i o n  o f  f i s h i n g  e f f o r t  was ob ta ined  f rom a  f i s h  t i c k e t  
r e p o r t i n g  system. 

RESULTS 

A t o t a l  o f  2,285 male crabs 2 110 mm CW was tagged and re leased  between 
15 J u l y  and 5 August (Table 1 ) .  F l oy  d i s c  tags were used e x c l u s i v e l y .  
The m a j o r i t y  o f  t agg ing  occurred i n  o f f s h o r e  areas, 2,024 re leases ,  as 
opposed t o  bays, 261 re leases.  A t o t a l  o f  486 recove r i es  were made, 415 
from o f f s h o r e  and 71 f rom bay tagged crabs.  Catch da ta  a re  a v a i l a b l e  from 
362 o f  t h e  recove r i es  of 15.8% of t h e  crabs tagged. Length o f  freedom 
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Middle:  o f f s h o r e  s i t e s  1973-1 975, Lower: o f f s h o r e  s i t e s  1976-1 978. 
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Table 1. Number of tagged Tanner crab released and recovered of f  of Kodiak Is land,  Alaska 1973 - 1978. 

Number % of Number % of Total % t o t a l  
re1 eased Number Usable releases  released Number Usable re1 eases Total Total usable releases  

Tagging Dates in  bays recoveries recoveries usable offshore recoveries recoveries usable released recovered recoveries usable 

'FD 67 "TN tags 



ranged from 26 t o  1,376 days (Table 2 ) .  Crabs recovered within 1 , 2 ,  and 
3 years of re lease  represented 72.9, 18.8, and 7.5% of t o t a l  recoveries,  
respectively.  Three crabs ,  0.8%, were captured in t h e i r  fourth year of 
freedom. 

Average migration (based on 2 or more crabs)  ranged from 49.6 km (30.8 mi) 
f o r  nine crabs f r e e  between 961 - 990 days, t o  11.5 km (7.1 mi ) f o r  two 
crabs f r e e  481 t o  510 days (Table 2 ) .  Overall average distance migrated 
was 27.9 km (17.3 mi). 

Direction of movement and a 95% confidence region f o r  recoveries i s  repre- 
sented in Figure 2 f o r  bay and offshore tagged crabs. Bay tagged crab 
tended t o  move offshore while offshore tagged crab remained offshore and 
moved within the genera1 geographic area of re lease .  Depth change was 
var iable  w i t h  176 (48.6%) crabs recaptured shal lower than t h e i r  re lease  
depth, 179 (49.4%) crabs were recaptured deeper, while 7 (1.9%) were recap- 
tured a t  the same depth as  released.  

During 1974, 1,846 male crabs 2 110 mm CW were tagged and released around 
Kodiak with Floy d i sc  tags (Table 1 ) .  The majority of re leases  occurred 
in offshore a reas ,  1,472 as  opposed t o  bay a reas ,  374. 

A t o t a l  of 397 tags was recovered (57 bay, 340 offshore) .  Catch data a re  
avai lable  from 312 recoveries or  16.9% of a l l  crabs tagged. Length of 
freedom ranged from 30 t o  1,352 days (Table 2 ) .  Crabs recaptured within 1 ,  
2, and 3 years of re lease  represented 57.7, 37.5, and 4.8% of a l l  recoveries,  
respectively.  

The 1 ongest average movement was 83.5 km (51 .9 mi ) f o r  four crabs f r e e  
between 991 and 1,020 days. The shor tes t  average movement was 12.0 km 
(7.5 mi) f o r  two crabs f r e e  from 1,021 t o  1,050 days (Table 2 ) .  Overall 
average dis tance  of migration was 26.8 krn (16.7 mi). Direction of movement 
and a 95% confidence region of recoveries i s  represented in Figure 3 f o r  
bay and offshore tagged crab. Movement i n  a l l  offshore areas was localized 
t o  the  area of re lease .  Bay tagged crab tended t o  move offshore s imi lar  t o  
the 1973 re leases .  One hundred seventy crab (54.5%) were recovered deeper 
than re1 eased, 108 crab (34.6%) were recovered shal l  ower than re1 eased 
while 34 crab (10.9%) were recaptured a t  the same depth as released.  

Between 15 July and 12 November 2,106 crabs L 110 mm CW were tagged and 
released around Kodiak Island (Table 1 ) .  The FD 67 "T" bar tag  was used 
on 1,174 crab and the Floy d i sc  was aff ixed t o  932 crab. Sixty percent or  
1,268 were tagged and l ibe ra ted  in  offshore areas while 40%, 838, were tagged 
and l ibe ra ted  i n  bays. A t o t a l  of 325 recoveries was made, 226 from of f -  
shore and 99 from bay tagged crab. Catch data a r e  avai lable  from 215 of 
the  recoveries or  10.2% of a l l  crabs tagged. 



Table 2. Distance moved from re lease  s i t e  f o r  Tanner crab captured a t  
th i r ty-day i n t e r v a l s  o f f  of Kodiak Is land,  Alaska 1973-1978. 

Average movement from r e l e a s e  s i t e  i n  km and number of crab i n  ( ). 

Days of I y / 3  H I  I 
1 i berty 1973 1974 ADF&G NMFS 1976 1977 1978 yea r s  

One yea r  

1-30 23.7(3) 17.1(1) - (0 )  - ( 0 )  - ( 0 )  - ( 0 )  - ( O )  23.5(4) 

Two yea r s  

361 -390 - ( 0 )  - ( 0 )  - ( 0 )  - ( 0 )  10.0(1) - ( 0 )  - ( 0 )  10.0(1)  



Table 2. Distance moved from re lease  s i t e  f o r  Tanner crab captured a t  
th i r ty-day i n t e r v a l s  of f  of Kodiak Is land,  Alaska 1973-1978 (con t . )  

Average movement from re l ease  s i t e  in  km and number of crab in  ( ) .  

Days a t  1975 A1 1 
1 i  ber ty  1973 1974 ADF&G NMFS 1976 1977 1978 years  

661 -690 29.3(21) - ( 0 )  - ( 0 )  - (0 )  

691 -720 13.0(1)  - ( 0 )  - ( 0 )  - (0 )  

721 -750 - ( 0 )  - ( 0 )  - ( 0 )  - (0 )  

Three years  

751 -780 - (0 )  - (0 )  - ( 0 )  - ( 0 )  

781 -81 0 31.7(3) - (0)  - ( 0 )  21.4(4) 

81 1-840 49.0(1) 19.0(1)  - ( 0 )  - ( 0 )  

841 -870 29.0(2) - ( 0 )  - ( O )  15.0(2)  

871 -900 - (0 )  - ( 0 )  - ( 0 )  - ( 0 )  

901-930 17.0(1) - ( 0 )  138.0(1) - (0 )  

931 -960 23.5(2) 41.3(3)  55.0(1) - ( 0 )  41.0(3) 

961 -990 49.6(9) 29.5(4) - ( 0 )  - ( 0 )  28.5(2) 

991-1020 43.1(7) 83.5(4)  - ( 0 )  - ( 0 )  34.0(1) 

1021-1050 38.5(2) 12.0(2)  - (0 )  - ( 0 )  - (0 )  

1051-1080 - (0 )  30.0(1)  - ( 0 )  - ( 0 )  - ( 0 )  

Four years  

1343-1376 34.3(3) - ( 0 )  - ( 0 )  - ( 0 )  



Figure 2 .  Movements of tagged Tanner crab releqsed i n  1973 a t  Kodiak, Alaska. 
Upper: bay recoveries (51 ) , Lower: offshore recoveries (31 1 ) . 
Ellipse represents 95% confidence region. 



Figure 3, Moyements of Tanner crab peleased t n  1974 a t  Kodiak, Alaska, 
Upper 1 bay recoveries (381, Lower I offshore recoveries (274),  
El 1 ipse represents 95% confidence region, 



Length of freedom ranged from 40 t o  935 days (Table 2 ) .  Crabs recovered 
w i t h i n  1 ,  2 ,  and 3 years of re lease  accounted f o r  48.8, 47.4, and 3.7%, 
respectively.  

The longest average movement was 38.1 km (23.6 m i  ) f o r  two crabs f r e e  from 
421 t o  450 days (Table 2 ) .  The sho r t e s t  average movement was 7.3 km (4.5 
mi) f o r  three  crab f ree  from 31 t o  60 days. Overall average distance of 
migration was 19.3 km (12.0 mi ). There was l i t t l e  d i f ference in the  aver- 
age distances of migration f o r  FD 67 "T" bar tagged crab 21.1 km (13.1 mi) ,  
versus Floy d i scs  18.2 km (11.3 mi). 

Direction of movement and a 95% confidence region of recoveries i s  repre- 
sented in Figure 4 f o r  bay and offshore tagged crab. Recoveries were 
r e s t r i c t ed  t o  the northeast  and e a s t  s ides  of the  island.  Movement f o r  
offshore crab was localized around the  area of re lease  while bay tagged 
crab showed offshore movement. Forty-one (1 9.1%) crab were recaptured 
shal l  ower than released,  164 (76.3%) were recaptured deeper, whi l e  10 (4.7%) 
remained a t  the same depth. 

Between 24 June and 8 August 2,324 Floy d i sc  tags were attached on crab 2 
135 mm CW (Table 1 ) .  The change in  s i z e  of crab tagged was due t o  an impo- 
s i t i o n  of a minimum s i ze  l im i t  a t  135 mm CW. As in previous years the 
majority of tags were 1 iberated i n  offshore a reas ,  2,023 tags  (87%) as  
opposed t o  bays, 301 tags (13%). 

A t o t a l  of 499 recoveries were made, 434 from offshore tagged crab and 65 
f o r  bay tagged crab. Catch data a r e  avai lable  from 317 recoveries o r  13.6% 
of the t o t a l  re leases .  

Length of freedom ranged from 166 t o  994 days (Table 2 ) .  Crabs recovered 
within 1 ,  2 ,  and 3 years of re lease  represented 66.2, 31.5, and 2.2%, res-  
pecti vely, of t o t a l  recoveries.  

Average movement by 30-day periods ranged from 9.3 km (5.8 mi ) f o r  three  
crabs f r e e  from 511 t o  540 days t o  41.3 km (25.5 mi) f o r  three  crabs f r e e  
from 931 t o  960 days. The average dis tance  migrated f o r  a l l  317 crab was 
23.1 km (14.4 mi). 

Direction of movement and a 95% confidence region of recoveries i s  repre- 
sented in Figure 5 fo r  bay and offshore s t a t i ons ,  respectively.  Movement 
i s  bas ical ly  the  same as  demonstrated f o r  previous years.  Additional 
tagging in the northwest area showed movement westerly from the re lease  
s i t e .  Two hundred nine (65.9%) crab were recovered shallower than released 
and 198 (34.1%) were recovered in  deeper water. 

Between 27 June and 18 August 1,672 crabs 2 135 mm CW were tagged with the 
modified FD 67 "T" bar tag  (Table 1 ) .  The majori ty,  80.8% (1,351),  of the 



Figure 4. Movements of tagged Tanner crab released in 1975 a t  Kodiak, Alaska, 
Upper: bay recoveries (76),  Lower: offshore recoveries (226),  
Ell ipse  represents 95% confidence region. 



Figure 5. Movements of tagged Tanner crab released in 1976 a t  Kodiak, Alaska. 
Upper: bay recoveries (22) ,  Lower: offshore recoveries (63) .  
Ell ipse represents 95% confidence region. 

-1 2- 



tags were l i b e r a t e d  i n  o f f s h o r e  areas w h i l e  19.2% (321 ) were l i b e r a t e d  
i n  bays. A t o t a l  o f  181 tags  was recovered (167 o f f sho re ,  14 bay).  
Catch data a re  a v a i l a b l e  f rom 158 o r  9.4% o f  t h e  t o t a l  re leases.  

Length o f  freedom ranged f rom 44 t o  617 days (Table 2) .  The m a j o r i t y  o f  
t h e  recove r i es  occur red  w i t h i n  1 yea r  o f  re lease ,  148 (93.7%) w h i l e  10 
(6.3%) were recovered d u r i n g  t h e  second yea r  a f t e r  re lease .  Average move- 
ment ranged from 9.7 km (6.0 m i  ) f o r  seven c rab  a t  1 i b e r t y  f rom 91 t o  120 
days t o  49.5 km (25.2 mi ) f o r  two c rab  a t  l i b e r t y  51 1 t o  540 days. The 
average d i s tance  mi g ra ted  f o r  a1 1 158 c rab  was 19.4 km (12.1 m i  ) .  

D i r e c t i o n  o f  movement and a 95% conf idence r e g i o n  o f  r ecove r i es  i s  repre -  
sented i n  F igu re  6 f o r  bay and o f f s h o r e  tagged crab, r e s p e c t i v e l y .  Move- 
ment p a t t e r n s  were c o n s i s t e n t  w i t h  those from prev ious  years  da ta  where 
t agg ing  t ook  p lace .  Most o f  t h e  crab,  110 (69.6%) were recovered sha l lower  
than  t h e i r  r e l ease  s i t e s ,  43 (27.2%) moved deeper, w h i l e  10 (6.3%) were 
recap tu red  a t  t h e  same depth. 

A t o t a l  o f  963 c rab  2 135 mm CW was tagged w i t h  F loy  d i s c  tags  and re l eased  
i n  t h e  southern p o r t i o n  o f  t h e  Kodiak area (Table 1 ) .  No t agg ing  was done 
i n  bay areas. Seventy-three recove r i es  were made, 53 (5.5%) o f  t h e  t o t a l  
re leases  w i t h  c a t c h  data.  Length of freedom ranged f rom 55 t o  263 days 
(Table 2).  The l onges t  average movement was 19.5 km ( 1  1.8 m i ) .  

D i r e c t i o n  o f  movement and a 95% conf idence r e g i o n  o f  r ecove r i es  i s  repre -  
sented i n  F igu re  7 f o r  o f f sho re  tagged crab. No c rab  were tagged i n  bay 
areas and t h e r e  were no recove r i es  o f  o f f s h o r e  tagged c rab  i n  bays. T h i r t y -  
seven c rab  (70%) were recovered sha l l owe r  than  t h e i r  r e l ease  depth, 15 c rab  
(28%) were recovered deeper, w h i l e  one i n d i v i d u a l  was recap tu red  a t  t h e  
same depth as re leased.  

Bay Areas, 1973-1 978 

Tagging and recovery  f o r  bay areas, a1 1 years  combined, i s  dep i c ted  on 
F igu re  8. A t o t a l  o f  212 tagged c rab  w i t h  recovery  da ta  f rom a l l  bays 
(Table 1 )  was ob ta ined  d u r i n g  t h e  course o f  t h i s  s tudy rang ing  f rom 52 
f rom S i t k a l i d a k  Bay (S) t o  17 f o r  t h e  Marmot-Kizhuyak (M-K) Bay area (see 
F igure  1 f o r  i n d i v i d u a l  bay l o c a t i o n s ) .  Movement from t h e  m i d p o i n t  o f  
t h e  re l ease  l o c a t i o n s  t o  t h e  m i d p o i n t  o f  t h e  recovery  l o c a t i o n s  was 
g r e a t e s t  i n  t h e  Marmot-Kizhuyak Bay area, 33.6 km (20.9 m i )  w h i l e  t h e  l e a s t  
movement occur red  i n  K i l i u d a  (K) and A l i t a k  (A) Bays, 14.4 km (8.9 m i ) .  
Movement o f  crabs tagged and re leased  i n  t h e  Kupreanof-Viekoda (K-V) Bay 
areas averaged 9.6 km (6.0 m i ) ,  Ch in i ak  ( C )  Bay, 17.6 km (10.9 m i ) ,  and 
S i t k a l i d a k  Bay on t h e  southeast  s i d e  o f  Kodiak 22.3 km (13.9 m i ) .  Maximum 
m i  g r a t i o n  occur red  i n  A1 i t a k  Bay, 62.4 km (38.8 mi ) . A1 1 bay tagged c r a b  
demonstrated an o f f s h o r e  movement w i t h  t h e  excep t ion  o f  Kupreanof-Viekoda 
Bay area recove r i es  which demonstrated b o t h  o f f s h o r e  and onshore movement. 



Figure 6. Movements of tagged Tanner crab released in 1977 a t  Kodiak, Alaska. 
Upper: bay recoveries (38),  Lower: offshore recoveries (274). 
Ellipse represents 95% confidence region. 



Figure 7. Movements of tagged Tanner crab released in 1978 a t  offshore Kodiak, 
A1 as ka (N=53) . E l  1 i pse represents 95% confidence region. 



Figure 8. Movements of tagged Tanner crab released in 1973-1978 a t  Kodiak, Alaska. 
Upper: bay recoveries (21 2 ) ,  Lower: offshore recoveries (1,200). 
El 1 ipse represents 95% confidence region. 



Offshore Areas, 1973-1 978 

A t o t a l  of 1,200 tagged crab with recovery data was obtained f o r  crabs 
released from 1973 t o  1978 (Table 1 ) .  Direction and magnitude of migration 
i s  depicted on Figure 8. Four stocks a r e  apparent from t h i s  f igure :  (1 )  
Marmot-Chiniak (M-C) a rea ,  238 tags recovered; ( 2 )  Eastside ( E ) ,  494 tags 
recovered; ( 3 )  Southwest (SW), 453 tags recovered; and (4 )  Sheli kof (Sh) ,  
15 tags recovered. Crabs appear t o  move about in the  general area of 
tagging and re lease  with no immigration in to  bay areas.  The westerly move- 
ment of crabs released in the northern portion of the  Eastside and Shelikof 
areas i s  most l i ke ly  due t o  a small number of tags released in those areas .  
The northerly movement in the southern portion of the  Eastside area i s  most 
l i ke ly  due t o  a lack of commercial f i sh ing  t o  the south of the  re lease  points. 

The Marmot-Chiniak and Eastside stocks a r e  separated by a deep gully 144 t o  
215 meters (80 t o  120 fm) which may present a physical ba r r i e r  separating 
crab i n to  independent stocks. Likewise, the  Eastside and Southwest stocks 
a re  separated by a large shallow area 18 t o  36 meters (10 t o  20 fm) running 
northeast-southwest which may a l so  present a physical ba r r r i e r  t o  movement. 

DISCUSSION 

Obviously, tag  recovery i s  dependent on the  when and where of the  commercial 
f i she r i e s .  From 1973 through 1978, 57,334.7 m t  (124,809,323 Ib)  of Tanner 
crab were harvested off  of Kodiak. These poundage f igures  approximate 
49,934,730 crabs a t  1.13 kg (2.5 I b )  per crab. After re lease ,  tagged crabs 
a re  f i r s t  suscept ib le  t o  recapture in the  fa1 1 f i shery  (August-December) 
f o r  the  king crab Paralithodes camtschatica. Tanner crab a r e  captured 
incidental  t o  king crab since the two species tend t o  occupy much of the  
same habi ta t .  Tagged crabs a r e  then subject  t o  capture during a Tanner crab 
f ishery .  Opening dates  of t h i s  f i shery  have varied from 1 November in  1973 
and 1974 t o  1 January i n  1976 through 1978. During the  1973-74 season, 
e f f o r t  l eve l s  and r a t e s  of harvest combined t o  close the season on 15 May. 
The 1974-75 season closed on 31 May. The 1975-76 and 1977 seasons closed 
on 30 April s ince research information indicated May as a peak month of 
reproduction. The 1978 season terminated on 16 April a f t e r  the harvest 
l imi t  was obtained. 

During the  ea r ly  t o  l a t e  seventies (1973-1978) f i shing e f f o r t  expanded t o  
cover a l l  major production grounds of both king and Tanner crab. "In 1973, 
a major expansion of the Tanner crab f i shery  occurred due t o  an extremely 
shor t  king crab season and favorable Tanner crab marketing conditions. The 
offshore areas of Cape Ikolik t o  Chirikof Island,  Portlock Banks, Shelikof 
S t r a i t ,  Chiniak Gully, and A1 batross Bank were most explored (Anon. 1979)". 
Smaller vessels  tend t o  f i s h  the nearshore areas while l a rger  crabbers tend 
t o  f i s h  deeper offshore areas fo r  the  duration of the  season. 

The r e su l t s  of t h i s  study a re  influenced by the pecu l i a r i t i e s  in f i sh ing  
pat terns ,  however, recovery e f f o r t  appears t o  have been reasonably well 



dispersed over the  year by area and should provide a reasonable pic ture  of 
crab mi grat i  on. 

The majority of crabs tagged were sexually mature males. However, s ince 
there i s  not enough data t o  look a t  migration by cohort or spec i f i c  s i z e  
groups w i t h i n  the range of s izes  tagged, the  data was col la ted.  I chose 
t o  represent migration fo r  spec i f i c  areas by col l a t i ng  data from individual 
tagging years.  This was necessary because of variable tagging e f f o r t .  

Migration data indicates  t ha t  Tanner crab do not move extensively from t h e i r  
re lease  s i t e s .  Watson (1970) and Watson and We1 1s (1972) found t h i s  t o  be 
t rue  fo r  c. opilio with an average movement of 11 miles f o r  adul t  males. 
They a lso  concluded t ha t  " i t  was impossible t o  determine any general pattern 
of movement". I t  appears t h a t  crabs can be separated in to  manageable stocks 
based on the f a c t  t ha t  there  appears t o  be l i t t l e  o r  no movement between 
designated geographic regions. The tagging r e su l t s  show t h a t  although there 
a re  examples of extensive movement f o r  small numbers of crab, the  average 
movement was only 24.1 km (15.0 mi) over the e n t i r e  length of the  study. 
Although length of freedom varied between l e s s  than 1 month t o  3.8 years ,  
no corre la t ion between time and distance migrated i s  evident. There appears 
t o  be a de f in i t e  offshore movement f o r  crabs tagged in bay areas and in te r -  
mingling w i t h  deeper offshore stocks. There i s  no evidence t o  suggest the  
reverse i s  t rue .  

Crabs tagged in  open ocean areas show no discernible  patterns of movement 
when recovery e f f o r t  encircled the re lease  area. 

What seems t o  be unfolding i s  a pattern of growth t o  maturity fo r  males in 
bay areas with gradual movement offshore.  Offshore crab appear t o  mature 
and remain in the offshore areas moving randomly within a defined geo- 
graphic unit .  

CONCLUSIONS 

After examination of the  recovery data I believe the following conclusions 
a re  evident. 

1 ) Male Tanner crab maturing i n  bay areas tend t o  move t o  deeper 
offshore waters and mix w i t h  offshore stocks. 

2 )  Male Tanner crab maturing in offshore waters remain offshore and 
mi grate randomly within a geographic area.  

3) While individuals may range widely, average movement, 24 km (15 mi) ,  
i s  not extensive. 

4 )  Distance of migration i s  not necessari ly dependent on length of 
freedom. 

5)  Seasonal migrations may occur and fur ther  s tudies  a re  necessary. 



6 )  Capture o f  tagged c rab  up t o  2 years  (47.4% tagged i n  1975) and 3  
years  (7.5% tagged i n  1973) a f t e r  t agg ing  i n d i c a t e s  ex tens i ve  
i n t e r - m o l t  pe r i ods  f o r  male crabs sma l le r  than t h e  p resen t  s i z e  
l i m i t .  

7 )  High e x p l o i t a t i o n  r a t e s  i n  o f f sho re  geographic areas may be par-  
t i a l l y  compensated f o r  by immig ra t i on  o f  mature bay crab.  

8) High e x p l o i t a t i o n  r a t e s  i n  bay areas may be more se r i ous  s ince  
r e c r u i t m e n t  i n t o  t h e  f i s h a b l e  s i z e  range i s  dependent on annual 
r e c r u i t s  t o  l e g a l  s i z e  w i t h  no apparent  immig ra t i on  o f  o f f s h o r e  
crab. 

9)  For f i s h e r y  management purposes, independent s tocks  o f  male Tanner 
c rab  o f f  o f  Kodiak a re  de f i nab le .  
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APPENDIX A 

CRABWALK, A ser ies  of computer programs for  analysis of crab migration data. 

I. Introduction 

This report documents the existence of "CRABWALK", a ser ies  of computer programs 
to a s s i s t  i n  the analysis of crab migration data. The programs were developed 
i n  response to  a need fo r  timely analysis of data collected for  the Tanner crab, 
Ghionoecetes bairdi ,  off of Kodiak Island, Alaska. "CRABWALK" i s  a user oriented 
system composed of programs which allow editing of data, update of the data base, 
retrieval of user specified records, collation of migration data to  users speci- 
f icat ions,  computation of migration variables for  individuals or  combinations 
to  users specifications,  calculation and plott ing of recovery data with a degree 
of s t a t i s t i c a l  significance, and reporting of this information in a variety of 
formats. 

Although "CRABWALK" was written specif ical ly  fo r  the Kodiak Tanner crab data 
base, i t  can be adapted readily fo r  use in other geographic areas. Jones (1976) 
discusses the determination of movement parameters and presents some of the 
mathematical background used in th i s  study to calculate migration parameters. 

11. System Design 

A. Specifications: Migration or displacement of aggregations of a commercially 
exploited resource i s  necessary information for  management of tha t  resource. 
The main goal in defining migration(s) i s  t o  allow management of independent 
stocks, i f  they exis t ,  so as to  bet ter  u t i l i ze  and protect the resource. 

Because patterns of movement may change over time, depending on environmental 
as well as biological parameters, i t  i s  necessary that  a means of analyzing 
migration data be available and timely. The manager also requires a way 
of assigning confidence i n  s t a t i s t i c a l  terms to his definit ions of independent 
stocks or schools. 

Also, the manager may require an analysis by s ize group, sex or area which 
requires f lexi  bil i t y  and time1 iness. 

The programs were written f o r  the University of Alaska's Honeywell 6000 
computer. Subroutines are avai 1 able which calculate length a t  freedom, 
depth change, distance migrated and angle of movement for  individuals. 
Additional subroutines combine the values from individual crab so as to 
estimate the mean of the s tated variables according to  the user 's  need. 
El 1 ipse programs calculate a 95% confidence region of dispersion, which 
can be graphically represented with the aid of a computer plot ter .  

B. Information Flow: The i n i t i a l  tasks are depicted on figure 1. A permanent 
f i l e  of release and rec0ver.y data i s  created which can be readily updated 
by accomplishing the following: 1 ) Release information i s  recorded' in key- 
punchable format, 2 )  Release information i s  keyed into the computer creating 
a f i l e  of releases, 3) The f i l e  i s  then checked for  accuracy and errors 
corrected, 4 )  A printout of NDATA f i l e  i s  then available, 5 )  Recovery 
information i s  recorded in keypunchable format, 6 )  Recovery information i s  
keyed into computer and a new f i l e  of migration data consisting of release 
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Figure  1. S 

rec data f o r  

teps i nvo l ved  i n  Raw Data I n p u t  f o r  "CRABWALK" 



and recovery information i s  created, 7) Recovery data keyed in i s  checked 
for  accuracy, 8) NDATA "78" i s  created which i s  a permanent f i l e  of release 
and recovery data fo r  a specific year of tagging, in th i s  case 1978, 9) 
NDATA "78" i s  updated as additional recoveries of tagged crab are made. 

C. Raw Data Input: In the Kodiak Tanner crab example, the release data f i l e  
created, included release date, release s tat ion,  tag number, carapace width, 
exoskeletal age, and la t i tude,  longitude and depth of release. Recovery 
data keyed i n  included date, exoskeletal age, and la t i tude,  longitude and 
depth of recovery. 

A conversion table was created a f t e r  McMullen (1967) to  assign release and 
recovery s i t e s  to individual environmental zones (based on depth) and bay 
and offshore areas. T h i s  was done i n  order to  allow release and recovery 
s i t e s  to  be grouped into larger geographical units for  analysis. 

111. COMPUTER IMPLEMENTATION 

A. Program 

There are  s ix  (6) programs designed for  the Honeywell 6000. 

1. TESTPROG 

Takes crab Recovery Data File and computes for  each tag recovery various 
s t a t i s t i c s  (Depth Change, Days of Freedom, Distance Traveled, Angle 
Traveled, e tc . ) .  Then i t  creates a new "Save File" which contains a l l  
the original data plus the computed s t a t i s t i c s  for  each tagged crab recovery. 

Takes the "Save File" and so r t s  i t  by Year by Station. Calls for  a sub- 
program "Log" (Fort)  and takes the sorted "Save File" and prints out an 
Edit l i s t i n g  of the "Save File". 

Aggregates the Tag Recoveries in the Save File" By: 
1. Release Year, By Station, By Months O u t  
2. Release Year, By Station, By Years O u t  
3. Release Year, By Station, By Total Period a t  Large 

Computes the Mean Release Depth, the Mean Recovery Depth, the Mean 
Distance Traveled and the Mean Angle Traveled for  each grouping. 

Aggregates the Tag Recoveries in the "Save File" By: 
1. Release Year, By Station, By Months O u t ,  By Width Class, By Age Class 
2. Release Year, By Station, By Years O u t ,  By Width Class, By Age Class 
3. Release Year, By Station, By Total Period, By Width Class By Age 

Class 
Computes the Mean Release Depth, the Mean Recovery Depth, the Mean Distance 
Traveled and the Mean Angle Traveled for  each grouping. 



Aggregates the Tag Recoveries in the "Save File" By" 
1. Bay, By Environmental Zone, By Catch Area, By Months O u t  
2. Bay, By Environmental Zone, By Catch Area, By Years O u t  
3. Ray, By Environmental Zone, By Catch Area, By Age Class 

Computes the Mean Release Depth, the Mean Recovery Depth, the Mean Distance 
Traveled and the Mean Angle Traveled fo r  each grouping. 

Selects out those Tag Recovery-Crabs the Biologists chooses from the 
"Save File" (Generally Selects By Station, By Year). Calls for  a Sub- 
program "Ellipse" which takes the Latitude and Longitude readings of 
selected recovered crabs and generates the necessary information to draw 
an e l l ip se  for  those recoveries. The e l l ip se  s t a t i s t i c s  created are  
the length of the Major and Minor Axis, the Angle of the Major Axis 
from North and the Confidence Interval. 

The structure of these programs i s  depicted in figure 2. 

With the edited raw data in the form of printed paper you are ready to s t a r t  
keying i t  into the computer. 

7. Sign Onto Computer Terminal: 

a. Dial phone number for  connection to  computer (1-3293 or  1-3294) 

b. Printer "on" 

c. Connect by pressing phone receiver into "s lo t"  

d. Press "cnt l"  and "A" keys simultaneously 

You are  not "on l ine" and can begin. 

Computer Response Operator Response 

UACN TSS date time e t c  

USERID? DGTAN (or other appropriate userid) 

PASSWORD? (appropriate password) 

* (system 1 eve1 ) 

UPDATE EXISTING FILE: 

* 

[I i s t s  RETRIEVE) 

LIST RETRIEVE 
( i f  RETRIEVE program doesn' t ex is t  
you must create i t )  

* EDIT 0 RETRIEVE 



(pr ints  what i s  between slashes in 
operator command) (a1 so rep1 aces) 

- 
- 
* 

* 

CARD FORbIAT, DISPOSITION 

(snumb # & runs program) 

FUNCTION? 

PROGRAMS : 

* 

(1 i s t s  testprog) 

* 

(ed i t  program with ser ies  of 
FVS:/ / find verify s t r ing 
RVS:/ / : I  / replace verify 
s t r ing)  

SAVE (or )  RESAVE RETRIEVE 

DONE 

(back to  sys tem 1 eve1 ) 

JRUN RETRIEVE 

N , J  
(N=normal card format 8, 16,  32 
tab set t ings,  J=system as opposed 
to  Anch. system) 

( t h i s  program brings your old data 
f i l e  from tape to  disk for  access) 

R E L E  

LISTS TESTPROG 

EDIT 0 TESTPROG 

FVS:/ / 
RVS:/ /:/ / 
(ed i t  necessary portions of program: 
ie.  circled on enclosed copies) 

RESAVE TESTPROG 

Data saved 

DONE 

(create new f i l e s )  

* 
CARD FORMAT, DISPOSITION 

(runs program) 

FUNCTION? 

JRUN TESTPROG 
N , J  

HOLD 
( t h i s  hold prog. run. Can pr in t  i t  
out a t  any time in next 24 hours by 
knowing SNUMB # )  



* 
(1 i s t s  wri t ecas )  

Data Saved - 
* 
( l i s t s  t o r t )  

Data Saved - 
* 
CARD FORMAT, DISPOSITION 

(runs wri tecas )  

FUNCTION? 

(runs t o r t )  

FUNCTION? 

(p r i n t s  output)  

FUNCTION? 

FUNCTION? 

(p r i n t s  output)  

FUNCTION? 

LIST WRITECAS 

EDIT 0 WRITECAS 

(make changes) 

RESAVE WRITECAS 

DONE 

LIST TORT 

EDIT 0 TORT 
(make changes) 

RESAVE TORT 

DONE 

JRUN WRITECAS 
N , J  

RELE 

JRUN TORT 

EPRINT 06 

R E L E  

JOUT (snumb # f o r  TESTPROG) 

EPRING 06 

R E L E  



Figure 2. Structure of programs writ ten fo r  U. of A. Honeywell 6000 computer 

con' t 



Figure 2 (continued) 



CREATE A N E W  FILE: 

EDIT N 

enter * 

Date saved - 

(h i t  return key) 

SAVE(fi1e name) 

DONE 

Use the same format to LIST, EDIT & JRUN AGGR3, AGGR4, AGGR5, SORT & 
FORT programs. 

CREATE NEW PROGRAM: 

* 

* 
( i t  automati cal ly  numbers 
program 1 ines) 

CARD N 

AUTOX 
(simply key in l ines  desired h i t t ing  
a "return" a t  the end of each l ine )  

( h i t  return key twice a f t e r  l a s t  
1 ine desired) 

SAVE (program name) 

DONE 

MODIFY EXISTING FILES: 

* 

(pr in ts  out data on f i l e  named, 
ie .  # of times accessed, # of 
LLinks, e t c )  

FUNCTION? 

(asks question as to how you 
want to  change f i l e )  

ACCESS LS/file name 

ACCESS 
(used to make changes: such as 
a new name, more l l inks etc . )  

( h i t  return until you come to the 
question you want to change) 



CREATE NEW NDATA FILE: 

* EDIT N 

enter * 

Data Saved 
- 

(key i n  new data) 
( h i t  return twice a f t e r  l a s t  
data entry) 

SAVE NDATA78 

DONE 

B. ELLIPSE PROGRAMS: 

The structure of e l l i p se  program in shown i n  f igure 3. 

Ellipse programs were r u n  under DGSALMONIELLIPSE because "OUTIN" subroutine 
was inaccessible by DGTAN, 

There are four ( 4 )  e l l ipse  programs available designed fo r  the Tektronic 
Plotter.  

1. ONEMAP: Gives you one e l l ip se  and a map of Kodiak. By putting in a 
data f i l e  with zero points or  points 0,O jus t  a map can be printed. 

2. ONEELLI: As the name implies i t  will plot  the points in the f i l e  given 
and create an e l l ipse .  

3 & 4. MULTMAPIMULTELLI: These programs are used when more than one data 
point f i l e  i s  used. In a l l  cases the screen prompts the operator as to 
the "DATA FILE NAME" i t  requires. 

The e l l ip se  subroutine tha t  actually plots the e l l ipses ,  requires a 
minimum of three (3) different  recovery coordinants for  each station. 
Otherwise an error  message i s  printed. If  two o r  more recovery points 
are  identical or there are too few points, the program doesn't abort. 
I t  continues and ends up plott ing odd l ines  t r a i l i ng  off the page or 
other undesired resul ts .  In other words, the more points used to  plot 
the e l l ipse ,  the more accurate and usable these programs. 

5. Sign Onto Computer Terminal: 

There are three (3)  onloff switches. One i s  on the phone terminal, one 
on the screen (located i n  back) and one on the p lo t te r  i t s e l f .  Tu rn  
the f i r s t  two "on". Dial the appropriate phone number and press phone 
into phone terminal recepacle. Press "cnt l"  and "A" keys simultaneously 
and proceed with USERID and PASSWORD. 



B. ELLIPSE PROGRAMS 

F i g u  



I t  is best  t o  leave the  p lo t t e r  "off"  unt i l  most of the ed i t ing  i s  done, 
program i s  r u n  and you've keyed i n  the l a s t  command. $PLOT$ Before h i t t i ng  
the return key turn p l o t t e r  on and s e t  margins. The margins wil l  remain 
"se t "  unt i l  p l o t t e r  i s  turned "off". The e r r o r  l i g h t  on the p l o t t e r  tends 
t o  "beep" on when there  i s  any power f luctuat ion ( l e :  turning a typewriter 
on/off when using same plug o u t l e t )  o r  e r ro rs  i n  the  program r u n .  Usually, 
depending on type of e r ro r ,  the  p l o t t e r  f in i shes  plot t ing and e r ro r  i s  
ignored. Sometimes, however, i t  wil l  go "berserk" and waste a good piece 
of paper. Not t o  worry. Simply t u r n  p l o t t e r  "off" then "on" and r e se t  
margins. The e r ro r  l i g h t  should go off .  Rerun program and continue. 

ELLIPSES BY RELEASE STATION: 

Each ocean s t a t i on  i s  r u n  separate. Bay s ta t ion  recoveries a re  r u n  by Bay, 
using common re lease  coordinates f o r  - a l l  release s ta t ions  i n  each bay. 

KUPREANOF 

MARMOT 

CHINIAK 

SITKALIDAK 

ALITAK 

KILIUDA 

* 

( l i s t s  makefile) 

* 

Data Saved - 

(program runs) 

* 

1 a t  - 1 ong 

58005 153267 

LIST MAKEFILE 

EDIT 0 MAKEFILE 
(make changes) 

RESAVE MAKEFILE 

DONE 

(create  FILE78 and FILE78A) 

JRUN MAKEFILE 

CONV FILE78=FILE78A 
( t h i s  converts data i n  FILE78 bcd 
to  asc i n  order t o  e d i t  i t )  



LIST FILE78A 
(create subfiles: ie :  8P058 by 
editing 0 FILE78A using ser ies  
of deleting l ines ,  printing l ines  
you want saved, and deleting the 
r e s t  of the f i l e . )  

EDIT 0 FILE78A 

(deletes four records) 

(prints 6 records) 

(deletes r e s t  of f i l e  plus l a s t  
l ine  printed so pr in t  one more 
than you want in subfi le)  

end of f i l e  

SAVE 8P058 

Data Saved - DONE 

(create as many subfiles as el l ipes  
desired. If there are too many 
f i l e s  i n  active f i l e  the computer 
will l e t  you know you've exhausted 
you space. A t  system level type in- 

REMC AFT 
(and continue creating subfi les )  

When you have a l l  subfiles,  choose type of e l l ipse  program desired. Edit 
i t  to  change xmin ,  xmax, ymin, ymax to appropriate degrees needed on 
printout. Leave (1,  2 ,  5, 5)  coordinates the same as these are the 
dimensions of your box. 

C R U N  ONEMAP 
o r  C R U N  ONEELLI 
or  C R U N  MULTMAP 
o r  C R U N  MULTELLI 

DATA FILE NAME? 8P058 
(or other f i l e  name and return key) 

(runs program) 



...................... screen clears--------------------- 

$PLOT$ 
(before h i t t i n g  return key be sure 
p l o t t e r  i s  on and margins a re  s e t )  

...................... p l o t t e r  draws map---------------- 

- - Hit "Break" key 

* (ready t o  r u n  another program) 

Use the same format t o  LIST, EDIT, AND CRUN other  e l l i p s e  programs. 

To draw e l l i p s e s  f o r  o ther  "categories" EDIT O MAKEFILE t o  s o r t  by 
s t a t i on ,  days f r e e ,  e tc .  EDIT programs accordingly. 

For e l l i p s e s  containing data f o r  more than one year f i l e s  need t o  be 
converted t o  asc  then combined, converted back t o  bcd t o  s o r t  and back 
asc  t o  ed i t .  A new f i l e  name i s  created each time a conversion takes 
place and i t  does ge t  confusing. 

In Tanner Migration e l l i p s e s ,  so f a r ,  so r t ing  by 30 day in te rva l s  was 
unsatisfactory due t o  small number of recovery points. Readable 
r e su l t s  were obtained when recoveries f o r  years "76-78" were plot ted  
i n  one e l l i p s e  f o r  each s ta t ion .  
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B. ELLIPSE EXAMPLES 



1. Example output from ONEMAP, Station 619 Kodiak, 
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Za, Example Output from ONEELLI S t a t i o n  620 Kodiak 



25. Example Output from CNEELLI,  S t a t i o n  619 Kodiak 
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3. ExamFle Output from MULTF1,4?, S t a t i o n s  619 and 620 Kodiak 
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4, Example Output  from MULTELLI, S t a t i o n s  619 and 620 Kodiak 

-60 - 



 

 

The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
  
If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 
 
For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 
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